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Summary

* Bacteria evolve by acquiring (& losing) genes

— How do these genes get regulated?

- How do new regulators arise?
* Horizontally transferred (HGT) genes are

— under complex regulation

— often regulated by adjacent transcription factors (TFs)

* “neighbor regulators” evolve by repeated HGT
* HGT of neighbor regulation allows prediction

— sensitivity & specificity > 40% (gene neighbor method)



Finding HGT Genes 1n Escherichia coli
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Complex Regulation of HGT Genes
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HGT > Native
p < 0.0002, Wilcoxon test

Data from ColiNet
(Shen-Orr et al. 2002)

e HGT operons often regulated by CRP & another TF

— Fits high TF content of large bacterial genomes

* Doesn't consider other regulation

— stringent response, attenuators, translational control



Neighbor Regulation of HGT Genes
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Evolution of Neighbor Regulation
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Sowancan  Of the 28 HGT neighbor regulators

Ther
e 20 were co-transferred with the
8 regulated operon

— allows prediction

2
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28 e 4 were HGT at the same time but
from different sources

* none regulate native operons

Mostly HGT, not duplication e 20 show repeated HGT within the y-

Proteobacteria!

— strong selection?



Examples of Complex HGT
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— Gene tree P +melA, Escherichia coli K12

0.1/=ite
4 . . . +melf,. Salmonella enterica Choleraesuis
+
xapR, Escherichia coli KiZ 1 melf, klebsiella pneumoniae contig
+xapk,. Ezcherichia coli UTISS 2 +C0G-CelF, Photobacterium profundum SS9 chr.2
+xapR, Salmonella typhimur‘ium LTZ 5 +COG-CelF, Agrobacterium tumefaciens C53
L. . C0G-CelF, Azotobact inelandi i ti
+COG-LysR, Yerszinia pestis CO92 4 " zotobaster vinelandil sontig
+melf, Bacillus halodurans
+COG-LyzR, Yibrio parahaemolyticus RIMD 2210633 chidl SCFL1.21, Streptomuces coelicolor A3CZ)
+COG-LyzR, YWibrio walnificus YJOl6 che 11 & +00G-CelF, Photobacterium profundum SS9 chr.2
COG-LysR, Shewanella baltica 05155 contig 7 *agall, sinorhizobiun nelilotl plasnid psynd
’ Speci
Species tree . pecies tree
0.1/zite
b - 1 Escherichia coli Kiz ¢l gened 1
0.1/s1te o _ Shigella Flexneri Za str. 301 ¢1 gened 1
Ezcherichia coli K12 1 genel 1 shigella flexneri Za str. 24577 (1 gened 1
Shigella flexneri 2a str. 301 Shigella hoydii Sh227 (1 gened 1
Shigella flexneri 2a str. 24577 Shigella sonnei 35046 (1 gened 1
Shigella boydii ShZZ7 Shigella dyzenteriae Sdi97 (1 genel 1
Shigella sonnei 53046 Ezcherichia coli 0157:H7 EDLS33 (1 gernel 1
. . Escherichia coli UTIS9 {1 genel 1
shigella dysenteriae Sdla? Escherichia coli O157:H7 (1 gene) 1
Ezcherichia coli 0157 :H7 EOL933 Escherichia coli W3110 <1 gened 1
Escherichia coli UTISS (1 genel 2 Escherichia coli CFTO73 (1 gened 1
Ezcherichia coli 0157:H7 Salmonella (5 species) (9 genes) z
Ezcherichia coli W3110 <1 gened 1 klebsiella preumoniae (1 dened 3
Escherichia coli CFTO?3 (1 gene) 2 Uther Enterobacteriacese (6 species)
Salmonella (5 species) (4 genes) 3 Sodalis 210331n1d1u§ str. mor31t§ns
Klebziell . Other Enterohacteriaceas (6 species)
Ehzlella anPmDnlaE . Paszteurellaceas (9 species)
Other Enterobacteriaceas (5 species) (3 genesy 4 Vibrionaceas (8 species) (3 geres) 4,9

Photorhabdus luminescens TTO1

Sodalis glossinidius s=tr. "morzitans”

Other Enterobacteriaceas (6 species)
Pasteurellaceas (0 zpecies)

Photobacterium profundum 559

Vibrio splendidus 12601

Vibrio fischeri ES114

Other Vibrio (5 species) (d genes) 5.6

Shewanella oneidensis MRE-1
Other Alteromonadales (d species)
Moraxellaceas (2 species)
Pzeudomohadacese (8 species) (1 genel &
Other Gammaprotechacteria (3 species)
Thiomicrospira crunogena xCL-2
Other Gammaprotecbacteria 08 species)
Other Gammaproteckhacteria 9 species)
Eetaprotechacteria (25 species)
Rickettziales (15 species)
Fhodospirillales (3 species)
Sphingomonadales (3 species)
Other Alphaprotechacteria (5 species)
~Bradurhizohiaceae 7 =pecies=)



Frequent HGT Between Related Genomes

HGT into E. coli K12 HGT 1nto E. coli species
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